Municipal solid waste (MSW) management in China has become a serious issue as it poses challenges to environmental quality and sustainable development. In order to provide reliable references for planning the future MSW management mode and analyzing the potential of waste to energy utilization in China, the prediction of future MSW generation quantity in the whole country is necessary and urgent to be well predicted. In this study, the multiple linear regression, a factor-model based method, is adopted to predict the future MSW generation in China. Urban population, GDP and consumption level of residents are selected as related factors and their correlations with MSW generation quantity are analyzed. With the historical data of 1981-2011 from China Statistical Yearbook, the model is established and model accuracy is assessed through two simulation performance criteria. Based on the future prediction of related factors and multiple linear regression method, the annual MSW generation quantity in China till 2030 can be predicted. It shows that the annual MSW generation in China will increase about 2 times in the next 20 years, which indicates considerable environmental pressure as well as waste to energy potential.
Introduction
Municipal solid waste (MSW) management in China has become a serious issue as it poses challenges to environmental quality and sustainable development [1] . In order to provide reliable references for planning the future MSW management mode and analyzing the potential of waste to energy utilization in China, it is essential to get better understanding about the future trend of MSW generation in the whole country. Thus, it is of great importance to make an accurate and reliable prediction on the annual MSW generation quantity in China.
There are two major approaches in predicting MSW generation quantity. The first one is time-series method [2] . It uses past data and their distribution to determine future MSW generation trend. Annual, monthly, weekly, or even daily MSW generation quantity data can be used and predicted. Specific techniques such as various curve estimation techniques, exponential smoothing, and AutoRegressive Integrated Moving Average (ARIMA) models, are based on time-series method. The advantage is that time-series method really requires few kinds of data. Only MSW generation quantity data and their corresponding time are needed. However, there is no convincing reason why the future trend of MSW generation quantity will remain the same pattern as used to. Also, a relatively large number of data is required for a more accurate prediction. So the time-series method is not a good choice if only annual MSW generation quantity data is available.
The second approach is factor model [3] . It uses factors such as socio-economic and other relative variables to predict MSW generation quantity and reveal its relationship with these factors as well. According to published literature, the factors for predicting MSW generation quantity could include urban population, gross domestic product (GDP), consumer price index (CPI), accommodation type, and household size and so on. Factor model is more sophisticated and reliable than timeseries model, especially for long term MSW generation quantity prediction. The most common type of factor model is the regression model. However, it is difficult to distinguish which factor has an absolute correlation with MSW generation quantity, and what the exact mathematical correlation is. Furthermore, the prediction for the selected factors is needed before the prediction of MSW generation quantity, and the factor prediction should be as accurate as possible since it has a great influence on the final MSW generation quantity prediction.
Some of the recent works about MSW generation quantity prediction is introduced here. Chung Shan Shan developed a multiple factor auto-regression model for domestic, commercial and industrial waste disposal prediction, using MSW data of Hong Kong SAR from 1979 to 2007 as the reference paths to predict the period of 2008 to 2036 [4] . Population, GDP and the number of housing estates participating in domestic source separation of waste programmes (SSP) were selected as factors. It appears that this model has rectified the overestimation tendency of classical regression model, but the confidence interval is surprisingly wide which means that the uncertainty analysis is disappointing.
C. Dai introduced support-vector-regression (SVR) method to predict the future MSW generation amount of urban districts of Beijing [5] . Li Zhenshan established a model based on interrelationships of expenditure on consumer goods, time distribution, daily activities, residents group, and waste generation, to estimate MSW generation by different activities and resident groups in Beijing [6] . It assumed that MSW generation quantity is only determined by consumer expenditure and they have a fixed proportional relation. Methods of linear regression, analytic hierarchy process and survey questionnaire were applied in the estimation. However the accuracy of data cannot be guaranteed, and the predicted period of time must be short because of the assumption of fixed proportional relation.
Roohollah Noori used the hybrid of wavelet transform-adaptive neuro-fuzzy inference system (WT-ANFIS) and wavelet transform-artificial neural network (WT-ANN) to predict weekly MSW generation in Tehran [7] . The models were data-driven models and seasonal patterns of MSW generation were used to build them. Since it requires lots of data to make to prediction, it is not possible to apply it into annual MSW generation quantity prediction.
Not many works are conducted for MSW generation quantity prediction for China in recent years. Considering the methods introduced above, in order to predict MSW generation quantity for China for future 20 years, it is better to choose a factor model since it is a long term prediction. Factors will be chose to establish the model, which includes urban population, GDP and consumption level of residents, according to C. Dai's work. Thus, multiple linear regression is an ideal choice for this prediction.
In this study, multiple linear regression, a factormodel based method, is used in this paper to predict the future MSW generation in China. 
Methodology

Multiple Linear Regression
Multiple linear regression method is used in this study. The general expression of this method is shown in (1), in which y denotes the variable to be predicted, a denotes the regression coefficients, and x i (i=1, … , n) denotes independent variable. In this study, y represents annual MSW generation quantity in China, and x i is the factor which is chosen to make the prediction. 
Factors Chosen
Based on MSW generation quantity and composition analysis in China, the influence factors can be classified into four aspects: intrinsic factors, natural factors, individual factors, and social factors [8] . In fact, individual factors such as citizen's virtue and self-control, and social factors such as ethic, are difficult to quantization. And natural factors such as climate and weather have small impact on annual MSW generation quantity in China. So only intrinsic factors which directly lead to variation of MSW generation quantity are taken into consideration in this paper. According to Wu Li's work of MSW generation quantity prediction [9] and C. Dai's work introduced above [5] , four factors are selected for further correlation analysis, that is: urban population, GDP, consumption level of residents, and gas penetration rate.
Correlation Analysis
Urban population is the biggest contributor for MSW generation according to Fan Tongda's work [10] . The more urban population there is, the more MSW is generated. The total population growth rate in China is decreasing according to China statistical yearbook, but the urbanization rate is increasing. This fact leads to a growth of MSW generation quantity in China. GDP is an aggregative indicator for socio-economic development. It can imply the amount of products produced and thus imply the waste amount generated during products production and consumption process [11] . According to the experience of developed countries, MSW generation quantity is increasing along with the increasing of GDP at the beginning, and then remains stable when economic development reaches a certain extent.
Consumption level of residents has a close relationship with MSW generation. Daily MSW generation quantity per capita of high income residents is around 0.7-1.3kg, while for medium income residents is 0.5-0.9kg, and for low income residents is 0.3-0.6kg [9] . Higher consumption level generates more MSW, which means consumption level of residents is also a key factor that affects the MSW generation quantity.
Gas popularization leads to a decreasing use of coal, which can effectively decreases the generation of ash and slag. So intuitively speaking, increasing gas generation rate will lead to a decreasing of MSW generation quantity. While in fact, the gas penetration rate and MSW generation quantity are increasing together at the same time. This is because the impact of gas penetration rate is whittled down by other factors. Gas penetration rate has a smaller contribution on disposed MSW amount compared with other factors. Meanwhile, gas penetration rate has different definitions during the past 30 years as shown in Statistical Yearbook of China, and it is not reliable to use this factor to make the regression.
Each single factor's correlation with MSW generation quantity is analyzed quantitively based on the collection data from Chinese Statistical Yearbook 1981-2009. The quadratic fitting is conducted for each factor, i.e. urban population, GDP, and consumption level of residents. The fitting coefficients of R 2 are 0.981, 0.954 and 0.971 respectively. It means that these three factors are highly related to MSW generation quantity.
In consequence, the factor of gas penetration rate is cancelled. Urban population, GDP and consumption level of residents are the final factors for multiple linear regression.
Summary of Steps
The methodology of MSW generation quantity prediction can be described in the following steps. 
Regression Calculation
Model Establishment

In the equation, Y denotes the amount of disposed MSW in China, with the unit of ten thousand tons per year. X 1 denotes urban population, with the unit of ten thousand. X 2 denotes GDP, with the unit of hundred million RMB. X 3 denotes consumption level of residents, with the unit of RMB per year.
Model Accuracy Analysis
Here is a comparison of MSW generation quantity between regression result and real data from year 1981 to 2011, in which data of 2010 and 2011 are used for testing the model's accuracy, as shown in Figure 1 . It shows that the general trend of MSW generation quantity variation can be predicted and regression result is more smooth and steady. While on the other hand, regression result is not able to predict the small rise and fall that may happen every year. The following two simulation performance criteria can help assess the prediction performance of the model [12] . It is easy to calculate FA and PA with the formulae since all the historical data can be collected from China Statistical Yearbook. For this multiple linear regression model, FA is 94.93% and PA is 97.26%. It means the model can reveal the relationship between China's annual MSW generation quantity and the three factors, and also can give a reliable prediction.
Prediction Results
The target is to predict MSW generation quantity in China till year 2030. In order to predict the MSW generation quantity with the multiple linear regression equation, the three related factors must be well predicted first.
Urban Population Prediction
As predicted by a research of Chinese Academy of Engineering, the total national population growth rate will be 0.45% before year 2030, and the urbanization rate will reach 51.5% in 2015 and 61%-67% in 2030. The prediction result of urban population in China is shown in Figure 2 . 
GDP Prediction
According to the prediction by Chinese Academy of Engineering, GDP growth rate of China is 8.38% during 2010 to 2020, and 7.11% during 2020 to 2030, respectively. The prediction result of GDP is shown in Figure 3 . 
Consumption Level of Residents Prediction
As there is no current prediction of consumption level of residents in literature, autoregression method is used in this paper for the prediction. It uses data from last two years to predict the data of present year. The equation is shown in (5) and the fitting coefficient R 2 =0.998, which means it is a reliable method. The prediction result of consumption level of residents is shown in Figure 4 . 
MSW Generation Quantity Prediction
Based on the multiple linear regression model and the prediction of three factors, MSW generation quantity in China can be calculated. The prediction result is shown in Figure 5 . 
Discussion
According to the multiple linear regression result, annual MSW generation quantity in China will reach 500 million tons approximately, which is as 3 times much as the present value. And the MSW generation amount per urban capita will reach about 600kg per year, which increases remarkably as well compared with present value of 250kg. Also it can be inferred from Figure 5 that in future 20 years, the increasing speed of MSW generation quantity is much higher than used to. This may mainly due to the continuously increasing of urban population, also increasing of GDP and consumption level of residents as well.
Conclusion
A multiple linear regression model is established in this study to predict the MSW generation quantity in China. Three factors are involved in the regression model: urban population, GDP, and consumption level of residents.
With the historical data of each variable from year 1981 to 2009, the multiple linear regression model is well established and can provide a reliable trend prediction. Based on the prediction on three factors till year 2030, it can predict MSW generation quantity in China with the regression model for the next 20 years. In this way it can provide reliable references for planning the future MSW management mode and analyzing the potential of waste to energy utilization in China.
